Chemical sensing methods based on surface polaritonic resonances stem from their intense near fields and resultant sensitivity to changes in local refractive index. Polar
allows for enhanced spontaneous emission via the Purcell effect ? and, where the light-matter interaction rate exceeds the cavity linewidth, for a strong coupling regime with the formation of quasiparticles termed polaritons.
?
An alternative way to achieve strong light-matter interactions is to circumvent the diffraction limit by transiently storing photonic energy in coherent oscillations of charges. In the case of an electronic charge, the resulting modes are termed plasmons. 
Results
To determine the sensitivity of SPhPs to changes in the surface chemistry and local ambient, nanopillar arrays were fabricated from semi-insulating 4H-SiC substrates, using electronbeam lithography and reactive ion etching with details provided in the literature. into transverse dipole resonances with electric field orientated perpendicular and monopolar modes with electric field orientated parallel to the cylinder axis, demonstrate huge field enhancements at the resonator surface (Fig ??c For an array of nanopillars of diameter 300 nm and period 400 nm (Fig. ??b) , a monotonic red-shift is observed for the resonance at 873 cm -1 while the anomalous reversible blue-shift is observed for the one at 900 cm -1 . The small periodicity for this array does not allow an unique assignment of a monopolar or transverse-dipolar character to these resonances, due to mode overlapping and hybridization at small gaps.
? Fig. ? ?c shows the anomalous behaviour for both the monopolar (872 cm -1 ) and the transverse-dipolar (905 cm -1 ) resonances of a 300 nm diameter and 700 nm period array. Similar results are observed for an array of nanopillars of diameter 500 nm and array period 1500 nm, as shown in Fig. ? ?d.
Here monotonic red-shifts are observed for the modes with bare energies of 922, 938 cm -1 , correspoding to higher-order transverse modes induced by corners and edges of the pillars,
?
as well as a reversible blue-shift seen for the lowest order transverse-dipolar mode with bare energy of 900 cm -1 . This anomalous behaviour was not reproduced by employing the measured permittivity of ZrO 2 films deposited on flat 4H-SiC substrates. This is illustrated in Fig. ? ?a, which shows the numerically calculated reflectance of the same pillar array considered previously, whose three dominant modes red shift monotonically as thicker coats of ZrO 2 are applied.
The shift of resonances with the thinnest ZrO 2 deposition layer was further investigated by exploring the tunability of localized SPhP with the array periodicity. The resultant spectral shifts for 300 nm diameter nanopillar arrays are plotted as a function of the original peak position of the uncoated structure in Fig. ? ?a and for 500 nm diameter nanopillar arrays in Fig ?? b. From this it is clear that regardless of the array geometry, anomalous shifts are spectrally localized around 900 cm -1 .
To eliminate the effect of altered diffractive coupling as a result of the presence of the ZrO 2 Figure 5 : Relative shift as a function of original peak position for a 0.37 nm thick ZrO 2 layer deposited on arrays of nanopillars of a) diameter 300 nm and height 900 nm b) diameter 500 nm and height 900 nm for varying array pitch. Fig. S1a,b) . The potential of non-uniform pillar coverage or modified film morphology as the primary cause for the anomalous spectral shifts was also eliminitated, as control samples with zirconia layers of each of the same thicknesses were also grown in a single ALD deposition and provided quantitatively similar results as the those from the iterative depositions described above ( Supplementary Fig. S1c ). This is further evidenced through atomic force microscopy (AFM) analysis of ZrO 2 films deposited on a 4H-SiC substrate, where conformal coating occurs even over substrate imperfections leading to a smooth surface (RMS roughness <0.5nm) for thicker ALD layers ( Supplementary Fig. S3 ).
Discussion
The experimental data for Al 2 O 3 qualitatively follows the results of our simple numerical calculations, utilising the measured bulk-like dielectric function to describe the oxide film, even though its optical constants are expected to change for sub-nanometric thick layers. 
where ǫ ∞ is the high-frequency dielectric constant, ω 0 is the transverse frequency of the proposed resonance and f the resonance oscillator strength.
To model the effect numerically, we consider a thin boundary layer of thickness 0.5 nm overshadowed by the interaction with the Berreman mode of the thin film.
Finally we investigated the ability of full 3D finite element method (FEM) calculations to predict spectral shifts as a function of the deposited film thickness. Raw spectra for selected peaks of nanopillars of diameter 500 nm and period 1300 nm is shown in Fig. ? ?a. tert-butoxide (ZTB) and trimethylaluminum (TMA) were utilised as precursors for zirconia and alumina films respectively, while deionized water acted as the oxygen source in both cases. Cation and oxygen precursors of oxide films were injected alternately in the ALD chamber, defining one deposition cycle, and providing the self-limiting reactions leading to film growth. Linear growth rates were obtained for both oxides, with averaged deposition rates of 0.074 nm/cycle for ZrO 2 and 0.108 nm/cycle for Al 2 O 3 . To monitor the ALD process, a p-type Si witness sample was placed along the SiC in the reaction chamber for subsequent film thickness evaluation by ellipsometry.
Ellipsometry
Ellipsometry was employed to characterise the optical constants and thicknesses of deposited films. A J.A. Woollam alpha-SE spectrographic ellipsometer was utilised to collect the spectra across three diferent angles. Refractive index and film thickness were obtained by fitting the data with a Cauchy model. Film growth was obtained from measurements on the aforementioned Si witness sample. To reduce changes in optical properties due to lattice mismatch, oxide film spectra used for calculation were obtained from layers deposited over flat 4H-SiC substrates.
Fourier Transform Infrared Spectroscopy
Infrared measurements were performed in reflectance mode using a Thermo Scientific, Nicolet FTIR Continuum Microscope. A 15×, 0.58 NA reverse Cassegrain objective provided illumination at angles from 10 − 35
• off-normal, with weighted average of 25
• . Spectra were taken as an average of 32 scans with 0.5 cm -1 resolution acquired from a 50 µm 2 area.
Numerical calculations
Frequency-domain, full-wave solutions of Maxwell's equations were obtained using the RF module of the finite-element solver Comsol Multiphysics. Plane-wave illumination was set at 25
• (corresponding to the weighted-average illumination angle of the objective used in experiments) for a p-polarized incident field (transverse-magnetic mode). Bloch-periodic boundary conditions were applied to represent the periodicity of the arrays. Calculations were performed using the permittivities of 4H-SiC, The supporting information is available free of charge via the Internet at http://pubs.acs.org.
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